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INTENDED LEARNING OBJECTIVES (ILOs) ©) 


By the end of this lecture the student will be able to: 

Y Define hypoxia and describe its four principal forms. 

y Explain the effect of each type of hypoxia on PaO,, 
PvO,, O, content and % saturation of HB with O,. 

y Mention the effectiveness of O, therapy in treatment 
of hypoxia. 

Y Define cyanosis and describe its threshold. 

Y Explain central and peripheral cyanosis. 

Y Explain types of hypoxia associated with cyanosis. 

Y Apply the information studied in this section to solve a . 


Ne 


“Clinical ‘Oroblem or Pes ee cal case. 


Hypoxia © 


> Definition: it is lack of oxygen at tissue level. 


External respiration is Gas transport moves Internal respiration is the 
the exchange of oxygen oxygen and carbon exchange of oxygen and 
and carbon dioxide dioxide between carbon dioxide between 
between the lungs and the lungs and the blood and the body 

the blood. body tissues. tissues. 


Breathing moves air in 
| yp a S e and out of the lungs. 
e 


https://schoolbag.i 
nfo/biology/huma 
ns/19.html 


Hypoxic 


Hypoxia | Histotoxic 


Hypoxia 


Anemic Stagnant 
Hypoxia Hypoxia 
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Hypoxic hypoxia ©) 


Definition; it is due to inadequate oxygenation of the 
arterial blood (Hypoxemia). It is the most common type of 
hypoxia. 


CaUSCSiced PO, in inspired 
air as in high altitude 


Alveolar-arterial PO, 


gradient (A-a 
gradient) 
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Hypoxic hypoxia ©) 


2- Generalized METT 
Alveolar 


nelivpoKentilationession ty Wo 


e.g. morphine poisoning 


Hypoventilation 


. i (Pulmonary end 
Obstructive diseases: capillary) 


COPD Chest 
wall 


\ deformiti 


Respiratory muscle 
es PaO, = 55 


diseases: myopathy or 
poliomyelitis 


Decrease Alveolar-arterial PO, 
compliance: lung https://schoolbag.info/biology/humans/1 gradient (A-a 
fibrosis — gradient) 
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Hypoxic hypoxia © 


3-Impaired diffusion: 


Uncommon cause of Diffusion 
h y p oxem j a impairment 


PO» < PAOs 


A- Decrease pulmonary 
surface area e.g. 
emnhvsema,, 


B- Increase pulmonary 
membrane thickness e.g. 
pneumonia, fibrosis and 
— 


POs <40 


PaOos < PaO 


bronchial tube 


alveoli (air sacs) 


© 2013 Encyclopædia Britannica, Inc. 
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Hypoxic hypoxia © 


4- Venous- arterial shunt / Right to left shunt 


a HOM Ventilated Papi 


alveolus 


Physiological shunt Anatomical shunt 

Shunts are caused by atelectatic Congenital heart diseases such as 
lung regions (pneumothorax, Fallot’s tetralogy and Intrapulmonary 
ARDS), complete occlusion of an shunts 


Atrial septal 
defect (ASD) 


Pulmonary 


Pulmonary 


Oxygenated 
Blood 


Small pulmonary valve 


Narrowed pathway from 


Opening between ventricles 
RV to PA (right saad wv 


entricular septal defect - VSD) 


Decreased outflow tract - RVOT 


Alveolar-arterial PO, gradient (A- 


Oxygenation 


i : : https://www.chop.edu/condit 
a gradient) is high ions-diseases/tetralogy-fallo 
t 
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Hypoxic hypoxia ©) 


5- Ventilation perfusion 


RPAN common cause of | 


Uniform 
blood flow 


Uniform Nonuniform 
blood flow ventilation 


Uniform 


hypoxemia. ventilation 
" There are many lung diseases 

e.g. COPD, emphysema and Mixed venous 

pneumonia. (A+B) 


Mixed venous 


B 


Arterial 
blood 
(A +B) 


Arterial 
blood 
(A+B) 


Alveolar-arterial PO, 


piel tae Ganong’s Review of Medical 
gradient) IS Nig Physiology, 2016 
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Hypoxic hypoxia © 


Criteria: 


Normal Capillary 


=> 
= ooo %° 2o% O° a 


E 


Hypoxic hypoxia 
— 69 oe 70 0 8806 


©0006; O0O00 


Understanding medical physiology: a textbook for medical students, Fourth 
Edition , JAYPEE, 2011 
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e Low PO, 
e Low O, content 


e Low % O, saturation 
of hemoglobin 


Low PO, 
Low O, content 


Low % O, saturation 
of hemoglobin 


10 


New Five Year Program 


*Hypoventilation is characterized 


by PAO, (alveolar O, tenskarw 
and PaO, (arterial BO" 
tension) 


° Diffusion impairment is 
cha Hi Mized by A-a 
gradient 


Cardio-pulmonary Module 11 


Anemic Hypoxia © 


Definition: Hypoxia due to lack of functioning Hb (capable 
of carrying O,). 
Causes: 
1. Quantitative: all types of anemia. 
2. Qualitative: 
>CO poisoning 
>Met Hemoglobin 


ypoxia t e mani estation is not severe due to Increase 2, 
DBG in case of anemia Except with Hb deficiency is high or during 


EXERCISE Hypoxia effect might be severe because Of the Limited activity 
dell 


Anemic hypoxia © 


Criteria: 
Normal Capillary 
> SE 
e Normal PO, — o%reme%® §0% ee" — 


e Low O, content 


. 
e Normal % O, =m en 


saturation of 
haemoglobin 


Anaemic hypoxia 


Understanding medical physiology: a textbook for medical 


, l students, Fourth Edition , JAYPEE, 2011 
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Low PO, 
Low O, content 


Low % O, saturation 
of haemoglobin 


Anemic Hypoxia ©) 


CO Poisoning: it is toxic gas 


Normal 
oxygenation 


! | Carbon 
1) Oxygen (Oz) and 2) O2and CO monoxide 
carbon monoxide (CO) enter blood PoO1soning 
are inhaled © Healthwise, Incomorated 


https://www.healthlinkbc.ca/health-topics/zm255 
2 
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O- bound to hemoglobin 
(mL O, /Liter of blood) 


200 


Normal blood 


50% CO Hb 
100 


Effect of CO and anemia 


20 40 60 80 100 
Po by (mmHg) 


VANDER’S HUMAN 
PHYSIOLOGY , 2023 
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Anemic Hypoxia © 


*% Symptoms and Signs: 


Patient experience headache, nausea, and 
dizziness and his skin and mucous membrane 


appear Cherry red in color. 


* Criteria: 

e Same as Anemic hypoxia but with /ow 
Oxygen saturation (O, per g Hb) when 
measured with a carbon monoxide oximeter 
(identify the proportions of oxyHb, deoxyHb, 
COHgb levels). 


N.B. Oxygen saturation as measured with 
conventional pulse oximeter is normal (as it 
does. not. differentiate between,.oxygenated 


Cherry-red skin color produced by 
CO poisoning. 


https://lonegp.wordpress.com/201 
8/07/16/carbon-monoxide/ 


15 


Anemic Hypoxia ©) 
Treatment: 
e Termination of exposure 


e° Artificial respiration 
Colorless 


Odorless 


Tasteless 
Carbon Monoxide Kills « the “Silent Killer’ 


eO, therapy: Hyperbaric O- or 95% O, 
+5% CO, to stimulate respiration 

e Exchange transfusion 

e Complete rest for several hours. 
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Hypoperfusion (stagnant) Hypoxia © 


Definition: Hypoxia due to inadequate blood flow or slow 
circulation. 


Causes: 
>Generalized: due to congestive heart failure or 
circulatory shock. 
> Localized: due to vascular obstruction. 
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Hypoperfusion (stagnant) Hypoxia © 
Criteria: 


Normal Capillary 
O_O ©, e Normal PO, 


e Normal O, content 


= 
mrm Tussue Normal % O, 


saturation of 
haemoglobin 


© 0 0-0 


— oo hE 202% a 


Stagnant hypoxia 


ZETE Toe * Low PO, 
= © 05068 0000 0— * Low O, content 


° Low % O, saturation 
of haemoglobin 


Understanding medical physiology: a textbook for medical 
students, Fourth Edition , JAYPEE, 2011 
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Histotoxic Hypoxia © 


Definition: it is due to inability of tissue to utilize O,. 


Causes: 
> Cyanide poisoning inhibits cytochrome oxidase. 
> Alcohol poisoning inhibits cytochrome reductase. 
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Histotoxic Hypoxia ©) 
Criteria: 


Normal Capillary 


E eee a 

Arte Ø Normal Po, = oP o, Po. ojo 
e Normal O, content 

Q = Normal % O, senile Tussue 

b | O O d haemoglobin 


saturation of 


Histotoxic hypoxia 
© 
Ve ATOUT. Higher PO, than 
normal venous value 
S ° Higher O, content aie 
° Higher % O, 
D | O O q saturation of Understanding medical physiology: a textbook for medical 
haemog lobin students, Fourth Edition , JAYPEE, 2011 
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Histotoxic Hypoxia © 


Treatment of cyanide poisoning: 
- Injection of methylene blue or nitrite, forming 


methemoglobin, which then reacts with cyanide to form 
cyanmethemoglobin, a nontoxic compound. Which is 


removed by liver or kidney. 
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Complete: 


e Anemic hypoxia is 


due O- ontent 


SRO 


Hypoxia © 


> Effect of Hypoxia 


( Moderate hypoxia N 


1)On brain: Headache, 


Severe hypoxia 


impaired judgment, pain and PO, less than 
drowsiness. 

2) On circulation: 20mmHg 

increase heart rate and loss of conscious in 


arterial blood pressure. 
3) On respiration: increase 


respiratory rate. and death in about 


4):,O.n-GHT: nausea Ol E EE Module A 23 
ee E A-5 minutes 


about 20 seconds 


O, therapy in different types of hypoxia © 


$a, 


Q,_is high 
beneficial in: 
UHypoxic hypoxia due 


QO, is less beneficial 
in: 


UHypoxic hypoxia due 
to venous to arterial 
Shunt. 

UAnemic hypoxia due 
to low Hb content. 
UStagnant hypoxia. 


to decrease 
atmospheric PO,, 
hypoventilation and 
impaired diffusion. 
LICO poisoning 


O, therapy will increase | O therapy will 


both.chemically ake an A i Kaga Y M 
camhinad and dis 


O, toxicity © 


WAdministration of 80-100% O, for 


> 8 hours irritate the respiratory tract. 
>from 8 to 48 hours damage to lungs 
» above 48 hours damage to CNS 


WAdministration of O, to premature baby 


induce vasoconstriction in retinal blood 
vessels (retrolental fibroplasias) 


WAdministration of hyperbaric O, (100% but 
under high pressure) will accelerate the onset _ , 
of. tox City an Cardio-pulmonary Module 25 


oose from the following one or more correct answer: 


Oxygen therapy is highly useful in which of 
the following? 


Anemia 

. CO poisoning 
Cyanide poisoning 

. Hypoventilation 
Pulmonary congestion 


Pango 


Cardio-pulmonary Module 
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Hypoxia © 
Hypoxic Anemic Stagnant | Histotoxic 
hypoxia hypoxia hypoxia hypoxia 


Normal 


%o Normal (low in 
Po, | n | ts ti 


Venous 
% 
2 el Ld L TT 
saturation 


O, therapy Beneficial in all Less beneficial Less beneficial | Not beneficial 
except venous to | except with CO T only 
arterial shunt poisoning physically 
T Both chemical Tt only physically | dissolved O, 
and physically dissolved O, 


dissolved O, | 
@ardio-pu 


Definition: Bluish discoloration of skin, nail beds and 


mucous membranes due to increase of reduced Hb above 
5g/100mI capillary blood. 


Threshold of cyanosis: 


Above 
—— 


Reduced Hb Below 
5g/100mI 
capillary 

blood. 
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Causes: 
1. Hypoxic hypoxia: central 
cyanosis. 
2. Stagnant hypoxia: peripheral 
cyanosis. 
Asphyxia. 
4. Polycythemia due to high level a 
Hb. 
5. Moderate cold. 


a 


http://www.swjpcc.com/imaging/2018/1/24/medi 
r cal-image-of-the-week-methemoglobinemia.html 
Seen in: 


o Nail bed 
Oev Mueusmembrane Cardio-pulmonary Module 29 
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CYANOSIS © 
_Features | Central cyanosis | Peripheral cyanosis 


Mechanism (Hypoxic hypoxia) (Stagnant hypoxia) 
Inadequate oxygenation of Low output states as in congestive 
systemic arterial blood due to hart failure, sluggish peripheral 
respiratory defect. or circulation e.g. vascular obstruction 
circulatory defect e.g. cardiac or exposure to moderate cold - 
right-to-left shunts (e.g. decrease blood flow to extremities- 
tetralogy of Fallot. 

Sites to look All over the body Fingertips, nail bed, extremities 
Seen in Tongue Not seen in Tongue 

Warming Disana 


extremities 


Relation between Hypoxia and cyanosis: 
The intensity of cyanosis is not a reliable sign for the degree 
of hypoxia (both not run in parallel) 


l- Cyanosis does not occur with some types of hypoxia as 
o Anemic hypoxia: the total amount of Hb is low 
o Histotoxic hypoxia: no reduce Hb. 
o CO poisoning: due to the cherry red color of CO-Hb. 


2- Person with excess red blood cells, as in polycythemia, 
has greater liability to become cyanotic, even under normal 
conditions, because he has great excess hemoglobin that 
can become deoxygenated. | 
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Factors modify the color of the cyanosis: 


l- Blood composition: 
Amount of reduced Hb: Cyanosis increase with increased 
reduced Hb. 
Presence of abnormal Hb 


2- Skin 
Thickness: cyanosis appears in thin skin e.g. nail beds, ear 
lobes. 
Pigmentation: cyanosis is masked in dark races. 
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Match the following causes with 
central cyanosis, peripheral 
cyanosis or no cyanosis: 


¢ Hypoventilation central 

a 
aromis PEA sis 
° Diffusion impairmenitCentral 


al Osis, 
e Congestive heart faifafPe'a 
cyanosis 
dérip eral 
cyanosis | 
‘Cyanide poisoning "O Cyanosis 
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e Moderate cold 


Summery ©) 
Hypoxia: it is lack of oxygen at 


Features | Hypoxic Anemic Stagnant Histotoxic 
hypoxia Hypoxia Hypoxia Hypoxia 
PO, in 
arterial Reduced Normal Normal Norma 
blood 
Oxygen 
hare Ae Normal Reduced Normal Norma 
capacity of 
blood 


Velocity of 
Utilization 
of oxygen Normal Normal Normal Reduced 
by tissues 
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Less beneficial 


Lecture Quiz © 


1- Cyanosis Appear when the reduced Hb is above 
which of the following levels? 


A. 1 g/100ml capillary blood. 
B. 2 g/100ml capillary blood. 
C. 3 g/100ml capillary blood. 
D. 4 g/100m! capillary blood. 
E. 5 g/100m! capillary blood. 
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Lecture Quiz © 


2- Which of the following causes of hypoxia 
Characterized by high venous PO,? 


A. Anemia. 

B. Impaired ventilation. 
C. Cyanide poisoning. 
D. CO poisoning. 

E. Venous obstruction. 
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SUGGESTED TEXTBOOKS © 


1. Ganong’s Review of Medical Physiology, twenty-fifth 
edition 2016, McGraw-Hill Education, chapter 35, from 
page 646 to 653 


2. Guyton and Hall textbook of medical physiology, 


thirteenth edition 2016, Elsevier, chapter 43 , from page 
994 to 556 
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